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FIBER SEPARATION USING INNOVATIVE 
CIRCULAR GRAVITY FLOTATION  
AND FIBER DETECTOR 
ABSTRACT 
The theories, principles, specific engineering design, potential applications, and 
practical applications of circular gravity flotation process,  a floated fiber detector , 
and some new inventions are introduced in this book in memory of Dr. Milos 
Krofta, who was the founder and the President of both the Lenox Institute of Water 
Technology (LIWT) and Krofta Engineering Corporation (KEC). Although 
specific LIWT/KEC process equipment are mentioned as typical examples or case 
histories, the authors are introducing the circular gravity flotation process, the 
circular gravity sedimentation process (using zero horizontal velocity concept), 
enclosed biological flotation, and the fiber detector in general terms to be a 
progress report in STEAM (science, technologies, engineering, arts, and 
mathematics) for benefiting both academic and engineering communities. Any 
researchers and equipment manufacturers are encouraged to follow the authors’ 
foot-steps, and develop or build their own similar process equipment, for similar 
applications. 
KEYWORDS:  Inventions, STEAM, Milos Krofta, Lenox Institute of Water 
Technology, Krofta  Engineering Corporation, Circular gravity flotation, Circular 
gravity sedimentation, Zero horizontal velocity concept, Enclosed flotation, 
Biological flotation, Float Skimmer, Float detector, Theories, Principles, 
Engineering design, Case histories, Flotation thickener, Plastic separation, Fiber 
separation.
NOMENCLATURE 
1 = specific gravity of water. 
Ac = cross-sectional area of a flotation chamber (m2).  
As = surface area of flotation tank to reach desired sludge consistency to reach 
desired sludge consistency (m2).     
d = diameter of particle, ft (m). 
D = effective depth of the flotation tank (m). 
D/W ratio = between 0.3 and 0.5 for a rectangular flotation clarifier 
(dimensionless).   
F’ = factor for short circuiting ad turbulence, assumed as 1.4 (dimensionless). 
g = acceleration of gravity = 32.2 ft/s2 =  9.81 m/s2.
Ho = height of floated sludge (float) in a test flotation column (m).  
L = effective length of flotation (m). 
Q = influent flow rate (m3/s). 
Q/As = hydraulic loading rate  (m3/s/m2). 
Sg = specific gravity of particles. 
T = detention time (s). 
Tu = time to reach desired sludge consistency (s). 
v = kinematic viscosity of water, ft2/s (m2/s). 
VH = horizontal velocity of particles (m/s). 
Vs = settling velocity of particles, ft/s (m/s) . 
Vs = settling velocity of particles, ft/s (m/s).     
VT = vertical rise rate of particles (m/s). 
W = width of rectangular flotation chamber or tank (m). 
FIBER SEPARATION USING INNOVATIVE 
CIRCULAR GRAVITY FLOTATION  
AND FIBER DETECTOR 
1. INTRODUCTION 
In natural environment, anything heavier than water (having specific gravity 
greater than 1)  will settle to the water bottom, and  anything lighter than water 
(having specific gravity less than 1) will float to the water surface. Accordingly 
environmental and chemical engineers have designed gravity settlers and gravity 
thickeners for settling heavy silts, dirts, sludges  ( 1, 2 ), and have designed oil-
water separators for floating light oils, greases, waxes, etc. ( 3-5 ).  Most of 
commercial products of settlers, flotation clarifiers, thickeners and oil-water 
separators are designed as rectangular tanks.   (6-18)   The innovative  circular 
gravity flotation, circular flotation thickener, and circular gravity sedimentation 
significantly reduce the foot-prints, but increase the process performance.  Finally 
some enclosed flotation processes (including biological flotation) are invented and 
proposed for further STEAM developments.  The authors explain their process 
principles, theories, and innovative ideas in this book chapter.     
2. CIRCULAR GRAVITY FLOTATION 
2.1 Process Description
The circular gravity flotation (Float Skimmer) has been specifically designed by 
LIWT/KEC for the purpose of separating reverse flow cleaner rejects in secondary 
fiber applications in paper and pulp mills.  Other applications are being proposed.
This design maintains maximum simplicity to keep the cost low while still 
providing the most efficient separation of fast floatables mainly by density 
differences between floatable  solids and water, although coarse dispersed air 
bubbles or fine dissolved air bubbles can be released in the inlet chamber to 
enhance flotation when necessary.  Other important industrial applications 
include, but are not limited to, the separation of: plastics, wax, latex, oil, grease, 
etc.
The cost-effective circular gravity flotation (Float Skimmer) is not intended to be 
used as a clarifier and will not remove slower floating fibers which are returned 
into the system, because neither coarse dispersed air bubbles nor fine dissolved air 
bubbles will be released in the inlet chamber to enhance gravity flotation.
Figure 1 shows the construction of an innovative circular gravity flotation unit 
(Float Skimmer) which includes the following main components: 
(a) Central inlet compartment 
(b) Spiral scoop for floated solids removal. 
(c) Bottom scraper to keep the flotation area clean of sediment. 
(d) Clarified water extraction plates with circular side overflow, operated by a 
handwheel. 
The circular gravity flotation unit is completely prefabricated and tested for 
mechanical operation in the LIWT/KEC shop. The side section  of the flotation 
tank are bolted on, for easy transportation. The  circular gravity flotation  unit 
is complete including drive motor and reducer. A contact rotary spring is provided 
for the drive motor.   
When applicable, the circular gravity flotation offers many advantages over many 
other separators for removal of fast floatable substances:  
(a) The circular gravity flotation (Float Skimmer) is designed for lower specific 
hydraulic load per square foot (5 gpm versus the typical 8 gpm for other skim 
separation tanks). This means that operation is less turbulent and removes more of 
the slower floating material. 
(b) The  circular gravity flotation tank is shallower, and flow is uniformly 
distributed due to  “zero horizontal velocity” influent entrance, giving a minimum 
of turbulence. Coarse air may be released in the inlet chamber due to the turbulent 
flow in this area and does not disturb the gravity flotation chamber. Other typical 
skimmer tanks allow a large area of disturbance around the inlet, which reduces 
further the effective gravity flotation area.  Figure 2 shows the horizontal view of a 
flotation tank with a Spiral Scoop for sludge collection, and an influent distribution 
channel for feeding the influent to the shaded area.  By the time the influent water 
is placed in the shaded area of a flotation tank, the moving carriage (including the 
Spiral Scoop and the influent distribution channel) moves counter-clockwise, so 
the influent water stays in the shaded area resulting almost vertical gravity flotation 
almost without horizontal movement, without disturbance. This is the so-called 
“zero horizontal velocity effect”, which significantly reduces the gravity flotation 
detention time, also reduces the foot-print of the gravity flotation unit.  Figure 2 
also shows the building sizes versus the diameters of gravity flotation units. 
(c) Effluent water is extracted evenly around the outer periphery, compared to 
the much cruder design of most skimming tanks. The level is more precisely 
controlled by a large circular overflow weir compared to normally much smaller 
overflow gates provided. 
(d) The LIWT/KEC invented Spiral Scoop  is an unique and advanced float 
removal device, proven in hundreds of industrial and municipal applications. The 
scoop gives a positive, controllable sludge removal, compared to less controllable 
skimmer blades. Figure 3 shows the three types of  LIWT/KEC invented Spiral 
Scoops, and graphically describes the function of the scoop.   Each scoop is 
suspended over the gravity flotation tank and supported by rollers on the tank rim.  
A gear motor drives the scoop assembly around the flotation tank while, at the 
same time, rotating the scoop on its horizontal axis.  As the scoop assembly moves 
around the flotation tank over the floated sludge, the scoop continuously dips into 
the floated materials, lifting it up to flow down the pipe and be discharged into the 
central floated sludge collector. 
(e) The circular gravity flotation unit has a bottom cleaning rake which keeps 
the flotation compartment continuously wiped clean of grit and sediment. Normal 
cleaning method for round skimmer tanks has been an unpleasant hand operation. 
The bottom cleaning can be automated with a simple valve and timer. 
(f) The circular gravity flotation unit is lightweight, averaging only 135 pounds 
per square foot operating weight. This allows an installation above grade for 
gravity flow, which is more difficult with deeper skimmer tanks with loading of 
approximately 700 pounds per square foot. 
(g)   The circular gravity flotation unit is constructed of steel on a concrete 
foundation, or of concrete or tile above or below ground.  The method of 
construction depends on the job site and the corrosion resistance requirements.  
Smaller units are available completely prefabricated. 
Figure 1.  Engineering design of circular gravity flotation (Float Skimmer) 
Figure 2 .  Zero horizontal velocity concept and required building sizes to house 
flotation unit 
Figure 3.  Three types of  spiral scoops which may be  installed on circular gravity 
flotation units  
Figure 4. A typical spiral scoop for removal of floated sludge on top of a circular 
flotation unit  
2.2  Theories and Principles of Gravity Flotation 
2.2.1 Vertical Flotation Velocity of Particles in a Flotation Tank 
Gravity flotation is also natural flotation (18) , by which the substances lighter than 
water , such as fibers, oil, grease, wax, etc. rise naturally to the water surface of 
quiescent tanks, where they are skimmed off.   The natural gravitational rising of 
discrete ;particles is the obverse of natural gravitational settling.   Stokes’ law 
applies to both sedimentation and flotation without change in formulation.   The 
following is a simplified Stokes’ law:’ 
Vs = (g/18) d2 [(Sg – 1)/v]                                (1) 
where   Vs = settling velocity of particles, ft/s (m/s);  g = acceleration of gravity = 
32.2 ft/s2 =  9.81 m/s2; d = diameter of particle, ft (m); v = kinematic viscosity of 
water, ft2/s (m2/s);  Sg = specific gravity of particles, and 1 = specific gravity of 
water.   In gravity flotation,  Vs = settling velocity of particles, ft/s (m/s) will be a 
negative value meaning it is a flotation velocity instead.     
Example:
As an example, let us find the rising velocity of a spherical particle with a specific 
gravity of 0.8 and diameter of 5x10-3 cm (16.4 x 10-5 ft)   in water at 20 degree C 
(68 degree F).    
Answer:
v = 1.01 x 10-6 m2/s = 1.08 x 10-5 ft2/s  at 20 degree C (68 degree F) from a 
textbook  (  18  ).    
Vs = (g/18) d2 [(Sg – 1)/v] 
Vs = (9.81/18) (5 x 10-5)2[(0.8 – 1)/(1.01 x 10-6)] 
Vs = - 2.75 x 10 -4 m/s  (=  VT = + 2.75 x 10 
-4 m/s) 
The negative value of Vs means the vertical rising velocity (upward vertical 
flotation velocity) ,  VT = + 2.75 x 10 
-4 m/s. 
For  a flotation process equipment design, the relationship among the effective 
depth of the flotation tank (D), time (T), influent flow rate (Q), and surface area of 
flotation (As) can be expressed by the follow equation: 
VT = D/T = Q/As                                              (2) 
where VT = vertical rise rate of particles (m/s), D = effective depth of the flotation 
tank (m), T = detention time (s), Q = influent flow rate (m3/s), and As = surface 
area of flotation tank (m2).    The ratio of Q/As is also defined as the hydraulic 
loading rate, which is an important design parameter.  Theoretically. any particles 
having a rise rate equal to or greater than the hydraulic loading rate may  be 
removed in an ideal flotation chamber.   In practical design, the rise rate VT of 
particles to be floated can be measured in the laboratory or in the field.   The 
influent flow rate is generally known.   The minimum required surface area As of a 
flotation chamber or tank can then be determined according to Equation 2,  or   
As = Q/VT                                                                                            (2a) 
2.2.2 Horizontal Velocity of Particles in a Flotation Tank 
When light particles travel in a rectangular flotation tank, both vertical rising 
velocity (VT ) and horizontal velocity (VH) must be considered in order to catch the 
particles before they exit the rectangular flotation tank.  Figure  5  shows how a 
light weight particle travels in a rectangular flotation tank.  Another design 
parameter shown in Figure 5 is the horizontal velocity VH, which can be calculated 
by the following equation: 
VH = Q/Ac                                 (3) 
Ac = Q/ VH                                (3a) 
where VH = horizontal velocity of particles (m/s), Q = influent flow rate (m
3/s), and 
Ac = cross-sectional area of a flotation chamber (m2).  
In case a rectangular gravity flotation tank is to be designed, its width is W, 
effective length is L, and effective Depth is D, and D/W ratio is usually between 
0.3 and 0.5 ( 17   ) , the following are the design equations: 
W = Ac/D = As/L                                          (4) 
L = (As/W) F’ = (VH/VT) F’ D                     (5) 
where  W = width of flotation chamber or tank (m), L = effective length of 
flotation (m), and F’ = factor for short circuiting ad turbulence, assumed as 1.4. 
2.2.3   Solids Loading Rate 
Sections 2.2.1 Vertical Flotation Velocity of Particles in a Flotation Tank, and 
Section 2.2.2  Horizontal Velocity of Particles in a Flotation Tank, are sufficient 
for sizing the flotation tank sizes (diameter, length, width, depth, etc.) if the 
flotation systems contain low concentrations of suspended solids, and only “free 
flotation” occurs.   In free flotation, the suspended solids near the bottom of a 
flotation chamber may rise freely toward the water surface, and the floated 
suspended solids near the water surface usually will not continue to compress with 
time, assuming the floated sludge/float/scum will be removed as soon as the 
floated substances are immediate removed.  In other words, the vertical rise 
velocity VT is maintained to be almost a constant in a free flotation system.   This 
is why a fiber detector described in the Section of FIBER DETECTOR is 
important to be used in conjunction with a flotation unit. 
A more complex “compression flotation” phenomenon occurs when a concentrated 
suspension, initially of uniform concentration throughout, is floated to the water 
surface with gradually decreasing vertical rise velocity VT, due to solids 
compression effect.     If the above stated  concentrated suspension, initially of 
uniform concentration throughout, is placed in a graduated cylinder, one may 
observe flotation phenomenon  as shown in Figure 6.   Since the initial sludge 
concentration in the influent flow is high in this case, the gravity flotation process 
usually is called “flotation thickening” process although the flotation equipment 
for “free flotation” (gravity flotation) and that for “compression flotation” 
(flotation thickener) are very much alike.    
Their differences between gravity flotation and flotation thickening are 
summarized here: (a) gravity flotation process treats an influent flow (usually a 
water or wastewater flow) containing low total suspended solids (TSS) 
concentration, and these light weight suspended solids (with less than one specific 
gravity) freely float from the flotation bottom to the water surface by free flotation 
action maintaining almost the same vertical rise velocity VT ; while flotation 
thickening treats an influent flow (usually a sludge flow) containing high TSS 
concentration , and these suspended solids float with resistance from the thickener 
bottom upward at gradually decreasing vertical rise velocity;  (b) the method for 
design and sizing a  gravity flotation process for water or wastewater treatment is 
different from that for a flotation thickening process for sludge flow treatment; (c)  
the size of a regular gravity flotation  is usually decided based on the influent flow 
Q, vertical rise velocity VT and horizontal velocity VH; while the size of a flotation 
thickener is decided mainly according to the influent flow Q, the required time to 
reach a desired sludge consistency  Tu, and the height of floated sludge determined 
from a laboratory experiment or a pilot plant study Ho, which are illustrated by 
Figure 6 and explained by Equation 6.  
As  =  Q(Tu) / Ho                                             (6) 
where Q = influent sludge flow rate (m3/s), As = surface area required to reach 
desired sludge consistency (m2), and Tu = time to reach desired sludge consistency 
(s), and Ho = height of floated sludge (float) in a test column (m).   The readers are 
referred to the Ten State Standards ( 19 )   for finding the minimum dimensions for 
a flotation clarifier.  
A sludge thickening experiment (recorded in Figure 6) shows that in a flotation 
thickening system, there are four regions:  clear water region, zone flotation region, 
hindered-flotation region, and compression flotation.  Initially the suspended solids 
may still rise freely toward the surface forming a sludge-water interface which 
floats.  Below the sludge-water interface line, it is the clear water which may be 
discharged as the thickener effluent.  As flotation thickening continues, the floated 
suspended solids near the surface accumulate and the scum layer continues to 
compress with time therefore, compression  flotation permits the production of a 
high concentration scum (or float) for ease of handling and disposal.   The highly 
concentrated float must be timely removed by a spiral scoop or equivalent. 
The critical concentration controlling the sludge thickening capacity of flotation is 
point C on Figure 6.  This point is determined by extending the tangents to the free 
and compression regions of the curve, intersecting the tangents, and bisecting the 
angle formed.  The time Tu can be determined as follows:  (a) construct a 
horizontal line at the height that corresponds to the desired float consistency;  (b) 
construct a tangent to the curve at point C, and (c) construct a vertical line from the 
point of intersection of those two lines to the time axis.   
Equations 1 to 6 can be used for any flotation process design, without any bubbles 
like gravity flotation, or with bubbles like dissolved air flotation, or flotation 
thickening.  Calculate the flotation surface areas using all design equations 
applicable, and choose the largest surface area for design and construction.  
Determine the required minimum flotation depth based on the Ten State Standards 
( 19 ).    
2.2.4  Innovative Design Concept of Zero Horizontal Velocity 
In order to understand the innovative design concept of “zero horizontal velocity”, 
Figure 5 and Equations  2-5 may be revisited.    
It appears that for a successful flotation design and operation, suspended solids’ 
vertical rise velocity VT and horizontal velocity VH should be considered in order 
to catch the floated suspended solids at their highest concentration within the 
flotation tank.   If the gravity flotation tank is designed as a rectangular flotation 
tank, the tank length L is expressed as Equation 5.  One can see that if VH can be 
reduced to almost zero, the required flotation tank length may also become 
negligible.     
L = (As/W) F’ = (VH/VT) F’ D                     (5) 
Figure 2  graphically illustrates the  “zero horizontal velocity” concept.    When the 
flotation  influent  flow enters the shaded area  at  an  assumed horizontal velocity 
of VH, clockwise, the moving carriage (including the influent distribution channel, 
spiral scoop, etc.) may move at the same horizontal velocity VH counterclockwise.   
This counter movement results a zero relative horizontal velocity meaning that the 
influent water just enter the shaded area will stay there without horizontal 
movement.    
This is why a circular  flotation unit ( gravity flotation, or dissolved air flotation) is 
very small in terms of  surface area, foot-print, detention time, and volume, in 
comparison with a rectangular flotation unit (gravity flotation, or dissolved air 
flotation) when treating the same influent flow. 
2.3  Practical Applications and Case History of Circular Gravity Flotation 
LIWT/KEC’s circular gravity flotation units, also commercially known as Float 
Skimmer, have been adopted by the industry  worldwide, successfully in operation 
for many years.   Their practical applications ad case history are presented  in 
below: 
2.3.1  Jackson Paper Company, Sylva, NC, USA. 
A gravity flotation unit (SDFX-18) with 18-ft. diameter and 1,000 gpm design 
flow rate was installed for removal of reverse cleaner rejects in secondary fibre 
system.   Plastic, sticky, and other contaminants in floated sludge at 4 % 
consistency from flow with incoming concentration  0.1-0.16% 
2.3.2  Scott  Paper Company, Winslow, ME, USA 
A gravity flotation unit (SDFX-18) with 18-ft. diameter and 1,000 gpm design 
flow rate was installed for removal of reverse cleaner rejects in secondary fibre 
system.   Scott now has 13 Krofta circular flotation units operating in 7 mills  
worldwide.
2.3.3 Weyerhaeuser Corp, North Bend, Oregon, USA 
A gravity flotation unit (SDFX-18) with 18-ft. diameter and 1,100 gpm design 
flow rate was installed for removal of reverse cleaner rejects in a linerboard mill. 
The influent  sludge flow’s  sludge concentration is at 0.8 to 3.3% consistency.   
The influent sludge containing 18% plastic, 25% long fibre, 57% fines, is 
thickened in screw extractor and burned. 
Figure  5.  A light weight particle’s traveling velocities in a flotation tank
Figure  6. Schematic of flotation regions for solid/liquid separation 
3.  NEW CLARIFICATION PROCESS INVENTIONS AND NEW RESEARCH 
DIRECTIONS 
3.1  Innovative Circular Sedimentation Using the Zero Horizontal Velocity 
Concept. 
The idea presented in Section 2.2.4  Innovative Design Concept of Zero Horizontal 
Velocity, can also be applied to design of an innovative  circular sedimentation 
tank for reductions of tank size, foot-print, and total cost. 
3.2  Improved Circular  Gravity Flotation Using Dissolved Air Bubbles When 
Necessary 
One  advantage of a circular gravity flotation unit is that it can easily be  improved 
by adding an air dissolving and pressure release system, so it can be converted to a 
dissolved air flotation system for sludge concentration when necessary.  
3.3  Covered Flotation System for Air Pollution Control. 
Wang, Kurylko and Wang  have invented some flotation systems with enclosures 
for air pollution control when necessary.  (14).   The readers are encouraged to 
continue the research. 
3.4  Covered Biological Flotation System for Thickening of Biological Sludge 
(Activated Sludge) 
In a biological flotation system, fermentations take place in the presence of 
anaerobic bacteria, nitrates and other substrates under anaerobic environment.  
Anaerobic bacteria in waste sludge convert nitrate and the substrate with carbon 
source (such as added methanol, or residual BOD in the waste sludge) to nitrite, 
water and carbon dioxide fine bubbles.  Nitrite further reacts with a substrate (such 
as methanol or residual BOD) in the same waste sludge, producing fine nitrogen 
bubbles, more fine carbon dioxide bubbles, water and hydroxide ions.  The 
biological sludge, such as activated sludge can then be floated to the surface by the 
fine nitrogen bubbles, and carbon dioxide bubbles.  While the energy consumption 
of this process is very low.  Its detention time is as long as one or two days. (16   ) 
The biological flotation process unit must be covered in order to keep the process 
under anaerobic conditions.  (15) 
4. FIBER DETECTOR 
4.1 Fiber Detector Introduction  
The fiber detector is an electronic device mounted on the flotation or sedimentation 
tank’s window that provides a monitoring and control function for the process 
equipment. The detector is an infrared optical device that provides a signal 
defining the bottom of the floated fiber blanket. The detector functions as an alarm 
to signal if the fiber blanket becomes too thick or too thin. The output of the 
detector can maintain the blanket thickness by controlling the rotational speed of 
the scoop and/or the water level.  What the authors are introducing here is a floated 
fiber  detector. 
4.2  Monitoring Device Description 
The LIWT/KEC consists of three pairs of Photodarlington Transistors and infrared 
Light Emitting Diodes positioned at the optimal angle to the normal and focused at 
a common point. A beam of infrared light is emitted from the Light Emitting 
Diode, refracted through the window, and then reflected off the surface of the fiber 
blanket, if present. This reflected beam is received by the Photodarlington 
Transistor and converted to a current signal. 
The current is converted to a voltage and compared to an adjustable setpoint 
voltage by a comparator circuit. The comparator outputs are sent to a 
Programmable Logic Controller (PLC). The PLC outputs a 4 - 20 ma signal to the 
scoop drive motor Variable Frequency Drive (VFD) to vary the speed of the scoop 
depending upon the thickness of the fiber blanket. As an option, the circuitry can 
be modified to output an alarm if the thickness of the blanket increases past a 
preset limit. 
The optics of the fiber detector are located on the outside of the window. The 
scraper on the carriage should keep the window clean for continuous operation. 
The sensor head has  three  different  pairs of  LED's  that  enable  the electronics 
to determine if the window has become dirty and needs to be cleaned. 
4.3   Application  As An Alarm 
The  fiber detector can be modified to serve as an alarm system and provide a very 
important monitor of the fiber-water separation process equipment, such as 
flotation or sedimentation, especially a process equipment with a sludge scoop 
drive (Figure   7 ).   If the scoop drive - system - fails or the influent quality 
changes or. the tank level falls, the fiber detector can be modified to sound an 
alarm to alert the operator of these failures. The detector is placed at a level below 
the fiber blanket where it monitors the clean water. If the fiber blanket should grow 
to the point that it reaches this low level on the window, the sensors will pick up 
this difference and could energize an alarm circuit. The fiber detector is an 
inexpensive, reliable way to monitor the flotation or sedimentation process 
equipment. 
Figure 7.   Fiber detector control schematic   
4.4  Application As A Controller 
Maintaining a constant layer of floated fiber is accomplished by controlling the 
removal rate of the fiber. The thickness of the fiber blanket is determined by 
placing the sensor head so that the upper sensor is just below the water level. The 
sensors are then used to determine the bottom level of the fiber blanket. The micro-
switch on the tank is triggered just prior to the scoop passing in front of the 
window, taking the measurement and adjusting the scoop speed. 
The sensor's output is compared to a reference voltage for clear water. As the lower 
boundary layer rises, the sensor's voltage reaches this reference voltage and the 
fiber blanket is determined to be above that sensor. If the blanket is too thick, the 
scoop's rotational speed is increased. When the fiber layer decreases, the scoop 
speed is decreased. The system will adjust the scoop speed only once per carriage 
revolution, therefore the system has a response time equal to one carriage 
revolution, approximately every three minutes. 
The control of the scoop is accomplished with a Siemens Programmable Logic 
Controller (PLC) and a variable frequency" drive (VFD).  The fiber detector  
performs the comparison  of the sensor input voltage and the set-point voltage. 
When the set-point voltage is reached, a "low" digital signal is sent to the PLC. 
The controller outputs  a 4-20  ma signal to the  VFD that  powers the scoop.   The 
magnitude of the 4-20 ma signal is determined by how many of the 3 sensor pairs 
are detecting fiber. The low, medium and high speed settings of the scoop can be 
preset by the operator using the Siemens OP393 Programmer included with the 
fiber detector. 
The LIWT/KEC introduced fiber detector is an excellent addition to any flotation 
process equipment. It is especially useful under changing influent conditions. The 
fiber detector will maintain a uniform, consistent layer of fiber. It will prevent 
failure of the flotation equipment due to removal rate of fiber that is not floated 
high enough. It will also keep the fiber consistency from dropping below a level 
where it is too thin to be dewatered. 
5.  GLOSSARY  (15, 20-22) 
Air  dissolving tube (ADT) or pressure retention tank (PRT):  It is a metal tank 
in which the water flow and compressed air are mixed and held under high 
pressure for several minutes to allow sufficient time for dissolving air into water. 
Biological flotation:  In a biological flotation system, fermentations take place in 
the presence of anaerobic bacteria, nitrates and substrates under anaerobic 
environment, anaerobic bacteria in waste sludge convert nitrate and the substrate 
with carbon source (such as methanol, or residual BOD) to nitrite, water and 
carbon dioxide fine bubbles.  Nitrite further reacts with a substrate (such as 
methanol or residual BOD) in the same waste sludge, producing fine nitrogen 
bubbles, more fine carbon dioxide bubbles, water and hydroxide ions.  The 
biological waste sludge, such as activated sludge can then be floated to the surface 
by the fine nitrogen and carbon dioxide bubbles and be thickened (i.e. 
concentrated).   The thickened sludge which are the final products of the biological 
flotation thickening process are skimmed or scooped off from the liquid sludge 
surface; while the subnatant clarified water is discharged from the biological 
flotation thickener’s bottom.  The energy consumption of this process is low.  Its 
detention time is long.   More research is needed for this newly developed sludge 
thickening process (20). 
Clarification:   It is water-solids separation process by either sedimentation 
(sedimentation clarification) , or flotation (flotation clarification). 
Degree of treatment:  The desired or required degree of treatment depends on 
objectives.  It may meet the effluent discharge standards, or the requirements for 
water reuse, or the quantity/quality of recovered materials. 
Design flow:  It is feed or influent to be applied to the flotation unit, or  a different 
water or waste treatment unit, for design purpose.  It can be obtained by examining 
the existing or expected future flow data. 
Effluent:  It is the water being discharged from a water or wastewater treatment 
unit, such as a flotation unit. 
Enclosed flotation:  It is a flotation unit with air-tight cover or roof on its top, so 
the air emission can be eliminated for odor or air pollution control.   An enclosed 
flotation unit may also be operated as an aerobic vacuum flotation unit , or an 
anoxic/anaerobic biological flotation unit. 
Fiber separation: It is a solid-water separation process by flotation, or cloth 
filtration, aiming at fiber recovery. 
Float (floated Sludge, or floated scum):  It is the concentrated matter (impurities, 
pollutants, or recovered useful materials) scooped or skimmed off from the top of a 
flotation unit.  The float is generally measured in mg/L, and its flow measured in 
gallons per minute (gpm), million gallons per day (MGD), or cubic meters per sec 
(m3/s).   
Float detector:  It is a monitoring means for detecting the concentration and/or 
movement of floatable substances. 
Float Skimmer:  It is a treatment process unit or a mechanical means for removal 
of substances that can float to the water surface. 
Flocculating agent or flocculant, or coagulant: Any chemical that can convert 
soluble or colloidal substances to insoluble flocs. 
Flotation aid:  Any chemical that coagulates solids, breaks an oil emulsion, or 
assists in adsorbing solids onto air bubbles for water-solids separation. 
Flotation chamber or flotation tank:  It is the main tank of a flotation unit where 
the influent water enters and the water-solids separation occurs due to flotation 
actions. 
Flotation clarification:  It is flotation unit designed for clarification of water or 
wastewater.  Therefore, the main objective of the flotation clarifier is for clarifying 
or cleaning the incoming water or wastewater. 
Flotation thickener;  It is a flotation unit designed for thickening of sludge or 
fibers.  Therefore, the main objective of the flotation thickener is for sludge/fiber 
concentration, aiming at either waste sludge disposal or fiber recovery.    
Gas  dissolving tube or pressure retention tank:  It is a metal tank in which the 
water flow and compressed gas are mixed and held under high pressure for several 
minutes to allow sufficient time for dissolving gas into water. 
Gravity flotation:  It is a water-solids separation process by floating solids due to  
natural specific gravity difference of a water and the light-weight solids (specific 
gravity is less than 1)   within water.   In natural gravity flotation, oil, grease, wax, 
fiber, or other substances lighter than water (specific gravity is less than 1) are 
allowed to rise naturally to the water surface of quiescent tank, where they are 
skimmed off or scooped off.  The bottom clean water is discharged as the treated 
water.   The floats skimmed off or scooped off from the water surface are either the 
impurities/pollutants to be removed, or the resources (such as fibers, or oils) 
recovered for reuse.  
Gravity sedimentation:  It is a water-solids separation process by settling solids 
due to specific gravity difference of  water and  solids (specific gravity is greater 
than 1, or greater than water)   within water.   In gravity sedimentation process 
unit, chemical flocs, biological flocs, silts, sands, or other substances having 
specific gravity greater  than water (specific gravity is less than 1) are allowed to 
settle to the sedimentation tank’s bottom.  The top portion water body is  clean or 
clarified  water is discharged as the treated water effluent.   The settled sludge is 
removed from the sedimentation tank’s bottom as the waste sludge.  
Hydraulic loading rate:  It is the influent flow divided by the flotation surface 
area.  The hydraulic loading rate of a flotation unit is expressed in gallons per 
minutes per square foot of flotation unit’s surface area (gpm/ft2) or cubic meters 
per second per square meter of flotation unit’s surface area (m3/s/m2). 
Influent (feed):  The liquid (water, wastewater, process water, or sludge) which is 
delivered to a flotation unit (flotation clarifier, or flotation thickener), or another 
water treatment unit or waste treatment unit.  The concentration of impurities or 
pollutants is generally measured in mg/L, and its flow measured in gallons per 
minute (gpm), million gallons per day (MGD), or cubic meters per sec (m3/s).   
Influent characteristics:  They are the nature and solids concentration of  an 
influent stream and other information relating to its source.   They are necessary to 
determine what design parameters should be used.   
Krofta Engineering Corporation (KEC):  It is an equipment manufacturer and 
engineering design company in Lenox, Massachusetts, USA, working closely with 
the Lenox Institute of Water Technology (LIWT) for develop, production, sales, 
installation and operation of innovative water and wastewater treatment processes, 
monitoring devices and analytical methods. 
Lenox Institute of Water Technology (LIWT):  It is a non-profit college in 
Massachusetts, USA, with expertise in environmental STEAM (science, 
technology, engineering, arts and mathematics) education, R&D, invention, 
process development, monitoring system/methods development, patent application, 
licensing, fund raising, engineering design and project management.  LIWT teams 
up with Krofta Engineering Corporation (KEC), for technology transfer, equipment 
design,  and voluntary humanitarian global service through free education, training,  
and academic publications. 
Natural flotation:  Same as gravity flotation, or natural gravity flotation. 
Operating cycle:    It is the operational time of the flotation unit, or  a different 
water or waste treatment unit, in hours/day.  In most cases for industrial waste, the 
operating cycle is determined by the production schedule. 
Plastic separation:  It is a flotation process for water-plastic separation, or air-
plastic separation based on the flotation actions 
Sedimentation:  See gravity sedimentation. 
Solids loading rate:  It is the loading rate of a flotation unit in dry solids weight 
per effective flotation surface area per time of flotation operation (lb/ft2/hr, or 
kg/m2/s). 
STEAM:  Science, Technology, Engineering, Arts and Mathematics. 
Vacuum flotation:  In vacuum flotation, the influent process water to be treated is 
usually almost saturated with air at atmospheric pressure.  There is an air-tight 
enclosure on the top of the flotation chamber in which partial vacuum is 
maintained.  The fine air bubbles (20-80 microns) are generated under laminar 
hydraulic flow conditions by applying a vacuum (negative pressure) to the flotation 
chamber.  The theory is that the lower the pressure, the lower the air solubility in 
water.  The soluble air originally in water is partially released out of solution as 
extremely fine bubbles due to a reduction in air solubility caused by negative 
vacuum pressure.  The bubbles and the attached solid particles rise to the water 
surface to form a scum blanket, which can be removed by a continuous scooping or 
skimming mechanism.  Grit and other heavy solids that settle to the bottom are 
raked to a central sludge sump for removal.  Auxiliary equipment includes an 
aeration tank for saturating the water or wastewater with air, vacuum pumps, and 
sludge pumps.  (20) 
Zero horizontal velocity concept:  Both solid’s vertical downward/upward 
velocity (vertical settling/rising velocity, ft/min  or  m/s) and horizontal traveling 
velocity (ft/min  or  m/s) in a clarifier must be considered for  sizing a clarifier.  
This is a new concept developed by the Lenox Institute of Water Technology 
(LIWT) and Krofta Engineering Corporation (KEC)  that the clarifier’s size can be 
significantly reduced if horizontal traveling velocity can be minimized.    Then the 
design of a sedimentation clarifier or a flotation clarifier can be mainly based on 
the solid’s vertical settling velocity, or vertical rising velocity, respectively. 
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The acronym STEM stands for “science, technology, engineering and mathematics”. In 
accordance with the National Science Teachers Association (NSTA), “A common definition of 
STEM education is an interdisciplinary approach to learning where rigorous academic concepts 
are coupled with real-world lessons as students apply science, technology, engineering, and 
mathematics in contexts that make connections between school, community, work, and the 
global enterprise enabling the development of STEM literacy and with it the ability to compete 
in the new economy”. The problem of this country has been pointed out by the US Department 
of Education that “All young people should be prepared to think deeply and to think well so that 
they have the chance to become the innovators, educators, researchers, and leaders who can 
solve the most pressing challenges facing our nation and our world, both today and tomorrow. 
But, right now, not enough of our youth have access to quality STEM learning opportunities and 
too few students see these disciplines as springboards for their careers.”   
STEM learning and applications are very popular topics at present, and STEM related careers are 
in great demand. According to the US Department of Education reports that the number of 
STEM jobs in the United States will grow by 14% from 2010 to 2020, which is much faster than 
the national average of 5-8 % across all job sectors. Computer programming and IT jobs top the 
list of the hardest to fill jobs. Despite this, the most popular college majors are business,law, etc., 
not STEM related. For this reason, the US government has just extended a provision allowing 
foreign students that are earning degrees in STEM fields a seven month visa extension, now 
allowing them to stay for up to three years of “on the job training”. So, at present STEM is a 
legal term. The acronym STEAM stands for “science, technology, engineering, arts and 
mathematics”. As one can see, STEAM (adds “arts”) is simply a variation of STEM.   
The word of “arts” means application, creation, ingenuity, and integration, for enhancing STEM 
inside, or exploring of STEM outside. It may also mean that the word of “arts” connects all of 
the humanities through an idea that a person is looking for a solution to a very specific problem 
which comes out of the original inquiry process. The acronym STEAM stands for “science, 
technology, engineering arts and mathematics”.   STEAM is an academic new term in the field of 
education.    
The University of San Diego and Concordia University offer a college degree with a STEAM 
focus. Basically STEAM is a framework for teaching or R&D, which is customizable and 
functional, thence the “fun” in functional.  As a typical example, if STEM represents a normal 
cell phone communication tower looking like a steel truss or concrete column, STEAM will be 
an artificial green tree with all devices hided, but still with all cell phone communication 
functions. This ebook series presents the recent evolutionary progress in STEAM with many 
innovative chapters contributed by academic and professional experts.
This ebook chapter, “FIBER SEPARATION USING INNOVATIVE CIRCULAR GRAVITY 
FLOTATION AND FIBER DETECTOR  is the authors’ collection of thoughts, works and articles 
about various ways of improving gravity flotation process with theories, principles, and 
formulas.  Specifically  the authors introduce the theories, principles, specific engineering 
design, potential applications, and practical applications of circular gravity flotation process,  a 
floated fiber detector , and some new inventions in this book in memory of Dr. Milos Krofta, 
who was the founder and the President of both the Lenox Institute of Water Technology (LIWT) 
and Krofta Engineering Corporation (KEC). Although specific LIWT/KEC process equipment 
are mentioned as typical examples or case histories, the authors are introducing the circular 
gravity flotation process, the circular gravity sedimentation process (using zero horizontal 
velocity concept), enclosed biological flotation, the fiber detector, etc. all  in general terms 
forming  a progress report in STEAM (science, technologies, engineering, arts, and mathematics) 
for benefiting both academic and engineering communities. Any researchers and equipment 
manufacturers are encouraged to follow the authors’ foot-steps, and develop or build their own 
similar process equipment, for similar applications.
